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ABSTRACT 

We present near-IR (J,HiKs) photometry for 27 of the 28 candidate Herbig Ae/Be stars m the Small and 
Large Magellanic Clouds identified via the EROSl and ER0S2 surveys as well as near-contemporaneous 
optical (Ha) spectroscopy for 21 of these 28 candidates. Our observations extend previous efforts to 
determine the evolutionary status of these objects. We compare the IR brightness and colors of a subset 
of our sample with archival ground-based IR data and find evidence of statistically significant photometric 
differences for ELHC 5, 7, 12, 18, and 21 in one or more filter. In all cases, these near-IR photometric 
variations exhibit a grey color as compared to earlier epoch data. The ~1 magnitude IR brightening and 
minimal change in the Ha emission strength we observe in ELHC 7 is consistent with previous claims 
that it is a UX Ori type HAe/Be star, which is occasionally obscurred by dust clouds. We also detect a 
~1 magnitude IR brightening of ELHC 12, but find little evidence of a similar large-scale change in its 
Ha line strength, suggesting that its behavior could also be caused by a UX Ori-like event. The ^0.5 
magnitude IR variability we observe for ELHC 21, which also exhibited little evidence of a change in its 
Ha emission strength, could conceivably be caused by a major recent enhancement in the density of the 
inner disk region of a classical Be star. We also report the first near-IR photometry for two ESHC stars 
and the first Ha spectroscopy for one ELHC and five ESHC stars. Although Ha emission is detected in 
all of these new observations, they do not exhibit a strong near-IR excess. It is therefore possible that 
many of these objects may be classical Be stars rather than Herbig Ae/Be stars. 

Subject headings: Magellanic Clouds — stars: emission-line. Be — stars: pre-main sequence — 

circumstellar matter — stars:individual (ESHCl, ESHC2, ESHC3, ESHC4, ESHC5, 
ESHC6, ESHC7, ELHCl, ELHC2, ELHC3, ELHC4, ELHC5, ELHC6, ELHC7, 
ELHC8, ELHC9, ELHCIO, ELHCll, ELHC12, ELHC13, ELHC14, ELHC15, 
ELHC16, ELHC17, ELHC18, ELHC19, ELHC20, ELHC21) 



1. INTRODUCTION 

Herbig Ae/Be stars (jHerbigjll96Cl() . or HAeBe stars, are 
intermediate mass pre-main-sequence A or B type stars, 
analogous to low-mass T Tauri stars. HAeBe stars ex- 
hibit photometric, spectroscopic, and polarimetric vari- 
ability, may be co-located with active star formation re- 
gions or be isolated, are luminosity class HI to V, and ex- 
hibit an infrared (I R) excess d ue to thermal emission from 
circumstellar dust (iGrinin et al. 1994: Waters fc Wael keni 
Il998t lOudmaiier et al.l 2001 ). Some of these observa- 
tional characteristics are also shared with objects of dif- 
ferent evolutiona2;_s^ as classical Be stars (see 
e.g. iPorter fc Rivin ius 2003'). Thus distinguishing be- 
tween HAeBe and class ical Be stars can be a challenging 
obser vational endeavor (jBeaulieu et al.|[200ltlde Wit et al.l 
I2005D . 

Metallicity is believed to infiuence many aspects of stel- 
lar astrophysics, ranging from the exp ected prevalence 
of the formation of ext rasolar planets (|Gonzalez I Il997t 
iFischer fc Valentil 20051) to the basic evo lution of stars 
(jMevnet et al.l 11994 IChiappini et al.ll2006l ). For circum- 
stellar disk systems, the lower metallicity of the Small and 
Large Magehanic Clouds (SMC and LMC) affects the den- 
sity and/or temperature of gaseous decretion disks as com- 



pared to our Galaxy ([Wisniewski et al.ll2007aD . For dusty 
circumstellar disk systems, metallicity will also affect ob- 
servables such as the magnitude o f th e IR excess of each 
system (see e.g. Ide Wit et aLll2003l and [de Wit et al.ll2005l) 
and may result in a higher luminosity coni pared to their 
Galactic counterparts (Bca ulieu et al.|[200ll ). 

While large-scale IR surveys of our Galaxy have revealed 
a large populati on of intermedia. t e- to h igh- mass young 
stella r objects ([Robitaille et al.l 120081 : lUrguhart et al.l 
1201 it) , the analogous population of HAeBe stars in the 
metal poor environments of the Small and Large Mag- 
ellanic Clouds (SMC and LMC) have yet to be identi- 
fied in a complete and systematic manner, thus ham- 
pering efforts to observationally constrain the process 
of star and planet formation in low metallicity envi- 
ronments. A growing number of candidate SMC and 
LMC intermediate mass young star s were identified via 
the EROSl and ER0S2 survey s (iLamers et aL| 119991: 
iBeaulieu et aLll2001t Ide" Wit et all [2002. 2003) a s well as 
surveys using the Sp i tzer s pace telescope (jWhitnev et al.l 
120081: IClavton et all l2010t ). However follow-up obser- 
vations of many of the less embedded HAeBe candi- 
dates have raised questions abou t whether the objects are 
HAeBe stars or classical Be stars (jde Wit et al . 2003, 20051: 
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IWisniewski fc BiorkmanI 120061: iBiorkman erall I2005D . 
thereby motivating additional investigations. 

Accurately characterizing the IR properties of candidate 
HAeBe stars is one means to better constrain their clas- 
sification, as thermal emission from dust should exhibit a 
large near /far IR excess, whereas "contaminant" objects 
such as classical Be stars should exhibit only a moder- 
ate near-IR excess due to bound-free/free- free radiation. 
Both the limited mid-IR (e.g. 24 /im) sensitivity and an- 
gular resolution ('-^2'.'0 in IRAC bands; ^6'.'0 in the 24/im 
MIP S band) of surveys such as the Spitzer SAGE sur- 
vey ()Meixner et al.l |2006[ ) have precluded stringent con- 
straints being placed on many SMC and LMC candidate 
HAeBe stars identi fied previously via the EROS survey 
(jLamers et al.lll999t Ide Wit et a l.l l2002D. although severa l 
candidates are in the SAGE catalog (|Whitnev et al.|[2008l) . 
Interestingly, ~3% of the SAGE young stellar object can- 
didate list exhibits variability in 2-ep och observations at 
Spitzer wavelengths (|Viih et all 120091 ). 

In this paper, we present ground-based near-IR (JHK) 
photometry of 27 of the 28 candidate HAeBe stars identi- 
fied in the EROS survey with both high photometric ac- 
curacy and at small angular resolution. These data allow 
us to explore source confusion in earlier works and identify 
and characterize IR variability. The dataset also provides 
a high quality baseline of near-IR data for future detailed 
studies of individual candidates. We supplement these re- 
sults with new, near-contemporaneous Ha spectroscopic 
observations for 21 of the 28 candidates. In Section 2 we 
outline our observations and data reduction processes. We 
describe our results on source confusion and variability in 
Section 3, and discuss our overall results in Section 4. 



value of each star with the image's average background. 
All images in a dither set were then averaged to create 
a master sky-subtraction image for the group, and this 
master sky image was then subtracted from each image. 
A World Coordinate Sys tem (WCS) was assigne d to each 
image using SExtractor (jBertin fc Arnoutj|l996) to ideii- 
tify stellar centroid positions and WCSTools (|Mink |[T997[) 
to correlate these with the 2MASS database. The high or- 
der distortions of ISPI were computed and corrected using 
WCSTools and the IRAF routine ccmap. Finally, dithered 
images w ere registered and averaged using the program 
SWARF (iBertin et al.ll2002D . 

We first performed aperture photometry on all stars 
in our data using a 3'.'6 (12 pixel) radius aperture and 
an annulus of radial size 3'.'6-6'.'0 (12-20 pixels) for back- 
ground count determination. Photometric calibration to 
an absolute scale was achieved by comparing ^20 stars per 
field of view, distributed a cross the entire array , to pub- 
hshed 2MASS photometry (jSkrutskie et al.ll2006li . The av- 
erage difference between the instrumental photometry and 
archival 2MASS photometry of these stars defined the zero 
point for each of our fields of view (Table [5]), and the stan- 
dard deviation of this average defined the respective error 
in each zero point (Table [5]) . The accuracy of this method 
was checked by comparing our obser vations of selec t near- 
IR photometric standards from the iPersson et al.l (|l998l) 
catalog to published 2MASS values, and as seen in Ta- 
ble 13] these results are consistent to within the error of the 
measurements. To mitigate source confusion problems, we 
next computed an aperture correction to a 1'.'2 (4 pixel) 
radius aperture and extracted aperture photometry for all 
sources using this smaller aperture. The photometry re- 
ported in this paper utilizes this smaller, 1'.'2 aperture size. 

2.2. Optical Spectroscopy 

We observed 21 of the 28 ESHC and ELHC stars on 2005 
January 21 using Hydra, the 138 fiber multi-object spec- 
trograph on the 4-m telescope at CTIO. The observations, 
summarized in Table |5] were made with the KPGL3 grat- 
ing and 200 /im slit plate, providing coverage from ^3900 - 
6700 A at R~2200. The width of the science fibers was 2'.'0 
in diameter. 10-15 blank-sky fibers were assigned per fiber 
configuration to measure the nebular sky emission near our 
targets. We used 3600 second integration times, yielding 
the signal to noise (SNR) per pixel, measured in a line free 
continuum normalized region near 6500A, shown in Table 
[6l Calibration data including bias frames, dome flats, and 
HeNeArXe "penray" lamp exposures were obtained, along 
with sky flats to measure fiber-to-fiber throughput, pro- 
jector fiats to trace the location of each fiber orientation, 
and milk flats to create bad pixel masks. 

The data were reduced in IRAF using the dohydra pack- 
age and followed standard practices for multi-object spec- 
troscopy. Sky subtraction was performed in an interactive 
manner, using different nearby sky fibers to best subtract 
the nebular emission in each science fiber. Our choice of 
continuum placement is the dominant source of error in 
our quoted equivalent width (EW) in Table [6l we esti- 
mate this uncertainty to be <5% by computing EWs for a 
number of sources using a range of continuum definitions. 

^ IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research In 
Astronomy (AURA) under cooperative agreement with the National Science Foundation 



2. OBSERVATIONS AND DATA REDUCTION 

2.1. IR Photometry 

We observed 27 of the 28 EROS SMC HAeBe 
Candidates (E SHC) and EROS LMC HAeBe candi- 
dates (ELHC) d Lamers elaU 119991: iBeaulieu et"all 120011: 
Ide Wit et al.][20 02. 2003) in the J (1.25 /itm), H (1.635 /im), 
and Ks (2.150 fim) bands. The observations were made on 
2005 Januar y 9, using the Infrared Sid e Port Imager (ISPI) 
instrument (|van der Bliek et al.ll2004l) on the Cerro Tololo 
Inter-American Observatory (CTIO) 4-m telescope (Table 
[T]). The data were recorded on a Hawaii-2 array with a 
pixel scale of 0.3 arcsec pixel" ^, yielding a field of view of 
10'.'25 X 10'.'25 arcmin. The typical seeing during the night 
varied between 0'.'6 and 1'.'2. Observations of our standard 
star and science fields were obtained using a Fowler sam- 
ple of 1, using the number of coadds and integration per 
coadd listed in Table [H We dithered the telescope after 
each integration to facilitate more accurate sky subtrac- 
tion. Flat fielding was achieved by subtracting a series of 
dome flats with an illuminating lamp turned off from a 
series with the lamp turned on. 

These data were reduced using cirred, a custom CTIO 
IR reduction package for IRAfU Our data were first di- 
vided by average fiat field images, constructed via the 
method described above. To perform sky subtraction, 
we computed the average background count of each im- 
age with all stars masked, and then replaced the pixel 
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3. RESULTS 



Given 
EROSl 



the 
l'/25 



pi xel size of the CC D detectors in the 
Earners et al\ [ToqI and ER0S2 (0'.'6; 



iPalanque-Delabrouine et al.' 'logs') a nd typical seeing o f 
2"0 in these surveys |Palanquc-Dcla brouille et all Il998l) , 
source confusion for the ESHC and ELHC targets can be 
a concern. After carefully cross- correlating our ima gery 
with published finder charts (e.g. Ide Wit et al.ll2002l ). we 
extracted photometry for 27 of 28 ESHC/ELHC targets 
(see Table 5). Note that our photon statistic errors were 
typically of order '^0.005 mag, which is an order of magni- 
tude less than the uncertainty in our zero points (Section 
[2]); hence we simply adopted the zero point uncertainty as 
the errors in our absolute photometry (Table H]) . Updated 
coordinates, accurate to 0.1 seconds in RA and 0'.'4 in Dec, 
for each candidate are provided in Table [U while updated 
J-band finder charts are provided in Figure [T] 

3.1. Source Confusion 

Potential source confusion has been n oted in some 
follow -up investigations of ELHC stars, with Ide Wit et ahl 
(|2005[ ) reporting concerns with ELHC 5, 6, 8, and 18 (the 
latter of which exhibited 2 images in the ir near-IR im- 
agery) and lWisniewski fc BiorkmanI (|2006f ) reporting that 
ELHC 11 might have two components. The updated co- 
ordinates (Table [1]) and finder charts (Figure 1) provided 
by our better resolution data should help alleviate source 
identification problems for future investigations. 

We found clear evidence in our data that E LHC 6 exhib- 
ited tw o sources at the position reported by Ide Wit et al.l 
(|2002[ ) (see Table S]), with brightnesses corresponding 
to 15.66±0.03 and 16.10±0.03 at J, 15.42±0.03 and 
15.63±0.03 at H, and 15.42±0.03 and 15.86±0.03 at Ks. 
The PSF shape of ELHC 18 was also elongated and likely 
comprised of two sourc e s, con firming the confusion re- 
ported bv Ide Wit etlUI (l200l . ELHC 4 and ELHC 11 
also had clear evidence of nearby companions at radial 
distances of '^1'.'2 and ~1'.'5 away respectively. Careful 
examination of ELHC 5 an d ELHC 8, reporte d to have 
potential nearby neig hbors (Ide Wit et al.ll2005D . revealed 
no evidence of source contamination in our data. 

3.2. IR Photometric Variability 

IR photometric v ariability has been p reviously observed 
in both Galactic (lEiroa et al.l I20Q2I: iBarv et al.l l2009t 
MuzeroUe et al.l I2009D and Magellanic Cloud (|Viih et al.l 
2001 " pre-main sequence disk systems. While ESHC and 
ELHC stars were initially identified as potential pre-main 
sequence objects based on their optical photometric vari- 
ability, the stability of their IR brightness has not been well 
constrained to date. We limit our investigation of IR pho- 
tometric variability to sources wh ich have archival gr ound- 
based near-IR observations (e.g. Ide Wit et al.ll2005l) with 
adequate spatial resolution to mitigate the source confu- 
sion that likely affects at least some of the quoted 2MASS 
measurements of these stars. Thus, we do not use our 
IR photometry of ESHC sources to identify variability in 
these objects. 

We subtracted the archival photometry for 15 ELHC 
stars from our measurements given in Table 31 and com- 
pile the results in Table |SJ Although most of the ELHC 
stars exhibit stable absolute photometry at the level of 



our uncertainties, ELHC 3, 5, 7, 12, 18, and 21 exhibit 
photometric variability at the >3ct level in at least one 
filter. Three sources exhibit strong variability in all 3 IR 
fihers, ELHC 21 (~0.5 magnitude difference), ELHC 7 
('--^1 magnitude diference), and ELHC 12 (~1 magnitude 
difference). ELHC 18 was reported to have clear source 
confusion issues in Section l3.ll hence, we limit our inter- 
pretation of the origin of variability originating from this 
set of objects. We d o note a hint o f a tren d in our photom- 
etry as compared to Ide Wit et al.l ()2005D in Table O such 
that we tend to report more ELHCs to be brighter (11 of 
15) than fainter (4 of 15) as compared to the archival val- 
ues. Our standard star observations do match extremely 
well with published values (Table [S]); moreover, the major- 
ity of our targets do not exhibit variability at the 3-ct level. 
We are therefore confident that we have not introduced a 
spurious signal in our data reduction, and our reported 
photometry is robust. 

3.3. IR Color Variability 

ESHC and ELHC stars are known to exhibit two dif- 
ferent types of photometric color variability, those which 
become bluer when fainter (i.e. exhibit a negative color 
gradient) and those which become redder when fainter 
(i.e. exhibit a positive color gradient). The bluer when 
fainter phenomenon was originally suggested to arise from 
nebular scattered light becoming a more dominant com- 
ponent when the central star itself exhibited p hotometric 
fading (iLamers et all [19991 Ide Wit et al.ll2002D . However 
Ide Wit et al.l (I2005D noted that the bluer when fainter phe- 
nomenon could also arise from simple variable continuum 
bf-ff radiation from classical Be stars, and that this was 
a simpler explanation than that presented by others. The 
redder when fainter stars have been suggested to be young 
pre-main sequence stars which are variably attenuated by 
inhomogeneous dus t clouds in their circumst ellar matter 
(|Lamers et al.lll999l: IdeWit et al.l [20021 12005\ 

Most of the ELHC stars we identify as having 3-cr near- 
IR variability exhibit a grey color variation (ELHC 7,12,21; 
TablejS]). ELHC 10 only exhibits 3-a variability in H-band, 
but if one considers its 2-a J and Ks band variations to be 
real then it also exhibits a grey color variation. The only 
star which exhibits a significant color change is ELHC 3 
(Table [5]), which exhibited significantly less Ks-band flux 
compared to other filt ers in our data when compared with 
archival observations (ide Wit et al. 2005). 

3.4. 2 Color Diagram 

We construct an IR 2-color diagram (2-CD) for 27 
of the 28 ESHC and ELHC stars for which we report 
new IR photometry in this paper, shown in Figure [5) 
For comparison, we also plot the 2MASS IR colors of 
sources confirmed to be class i cal Be stars in the SMC 
and LMC bv Wisniewski et al.l (|2007aD . i.e. sources which 
exhibited polarization Balmer jumps or electron scatter- 
ing signa tures. A selection of Galactic HAeBe stars from 
Hillenbra nd et all (|1992[ ) is also shown. We find that the 
near-IR properties of SMC/LMC classical Be stars share 
many similarities with SMC /LMC candidate HAeBe stars 
and even some overlap with Galactic HAeBe stars, a phe- 
nomenon w hich has been simila rly noted by Ide Wit et al.l 
(|2003.) and Ide Wit et all (|2005[) . This near-IR degener- 
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acy is likely influenced by the lower metallicity content 
of the SMC/ LMC, which might reduce the IR excess of 
HAeBe stars ()de Wit et al.|[2003 h. and also lead to poten- 
tially stronger free-free IR excesses of class ical Be stars in 
the SMC/L MC as compared to our Galaxy (|Bonanos et al.l 
120091 12O1O0 . Though our sample size is much smaller, we 
see no distinct evidence in Figure [5] that the IR excesses of 
the ESHCs are systematically larger than those of the EL- 
HCs, whi ch might be expected if the sources were classical 
Be stars (|Bonanos "eralll20Tol) . 

3.5. Optical Spectroscopy 

We analyzed the basic properties of the Ha and 11(3 lines 
in our continuum normalized spectroscopic data, taken 
nearly contemporaneously with our near-IR photometry, 
to help assess the IR variability and colors we observed. 
The full width at half maximum (FWHM) and EW of 
Ha, ratio of the peak-to-continuum strength of Ha, and 
basic line profile shapes of Ha and H/3 are detailed in Ta- 
ble [6l while Ha line profiles are plotted in Figure [3l For 
reference, nebular features in non sky subtracted imagery 
exhibited a FWHM of ~3A. When available, archival spec- 
troscopic measurements for some of these sources are also 
compiled in Table [31 We comment on individual sources 
below. 

• ELHC 1, 11; ESHC 3, 6, 7 Our new observa- 
tions of ELHC 1, ELHC 11, ESHC 6, and ELHC 7 
all exhibit strong emission in Ha, with EWs rang- 
ing from -6.8 (ESHC 3) to -34.3 (ELHC 1), FWHMs 
ranging from 4.0 A (ESHC 3) to 9.1 A (ESHC 
6), and peak-to-continuum ratios ranging from 2.4 
(ESHC 3) to 5.7 (ELHC 1). With the exception of 
ESHC 3, whose H/3 emission merely fills in the un- 
derlying photospheric absorption line, each source 
also exhibits emission at H/3 which rises above the 
continuum level. ELHC 11 was noted in Section 
13.11 to suffer from source confusion owing to a star 
~1'.'5 away. Given the 2'.'0 fiber width of the Hydra 
spectrograph, we likely captured signal from both 
ELHC 11 and its nearby neighbor. Its emission line 
characteristics listed in Table [5] should be viewed 
with extreme caution. 

• ESHC 4, 5 Our new observations of ESHC 4 and 
ESHC 5 show each source exhibits double-peaked 
Ha emission with peak-to-peak separations of ^^4.3 
A (ESHC 4) and -3.3 A (ESHC 5). While ESHC 4 
exhibits evidence of weak H/3 emission which does 
not emerge above the continuum level, ESHC 5 ex- 
hibits no obvious signatures of emission at H/3. 

• ELHC3 Alt hough earlier e poch (1994 Jan) spec- 
troscopy by iLamers et al.l (119991 ) exhibits an Ha 
EW and FWHM a factor of two stronger than that 
found in our 2005 Jan 21 data, we observe a stronger 
ratio of the peak-to-continuum Ha emission in 2005 
(see e.g. Table [S]). The resolution of the 1994 data 
at Ha (R '^2000) is similar to the resolution of our 
data (R —2200), indicating these variations are not 
instrumental artifacts. These results indicate that 
the H I line core fiux may have increased from 1994 
to 2005, while the wing flux decreased. 



• ELHC 4 The ratio of the Ha peak-to-continuum 
emission is much stronger in our 2005 Jan 21 data 
(4.4) than that we estimated fo r the 1994 Aug data 
(-2.2) of Lamers et all () 19990 . The resolution of 
the 1994 data at Ha (R ~1300) is somewhat less 
than our data (R ~2200), which could contribute 
to some of the lower peak-to-continuum ratio seen 
in the earlier epoch data. Moreover, ELHC 4 was 
noted in Section 13.11 to suffer from source confu- 
sion owing to a star '^1'.'2 away. We likely captured 
signal from both ELHC 4 and its nearby neighbor 
given the 2'.'0 flber width of the Hydra spectrograph; 
hence, emission line characteristics listed in Table [HI 
should be viewed with extreme caution. 

• ELHC 5 Comparison of our 2005 Jan 21 data and 
1994 Aug data obtained by iLamers et"all (|1999f) 

suggests that measured H I line differences (Table 
[6]) predominantly occured the line wings. 

• ELHC 6 The Ha EW strength, FWHM, and peak- 
to-continuum ratio between our 200 1 Jan 21 data 
and a rchival spectral from 1994 Aug ([Lamers et al.l 
[l999t ) clearly differ. Both data were obtained at 
similar resolutions (R —2000 vs —2200), hence res- 
olution likely plays little role in the differences ob- 
served. We caution however that ELHC 6 suffers 
from clear evidence of source confusion (Section 
13. ip : hence, emission line characteristics listed in 
Table [HI should be viewed with extreme caution. 

• ELHC 7 We observe a double-peaked Ha emission 
line proflle which has a similar EW a nd FWHM to 
that re ported in 1994 Aug spectra ([Lamers et al.[ 
[1999D . (Lamers et all ([l999fl do not report the Ha 
proflle to be double-peaked in their data; however, 
their lower resolution (R —1300) might contribute 
to this non-detection especially given the peak-to- 
peak separation we see in our data (-2.3 A). 

• ELHC 8 Ide Wit et all ([2005[ ) reported a similar 
Ha EW in their low resolution (R —400) spectrum 
obtained on 2000 January 8 as that measured in our 
2005 Jan 21 data. The Ha FWHM in the 2000 data 
(13.5 A) appears to be belo w the resolvin g powe r 
of the spectrograph used by Ide Wit et al.l ([20051 ): 
hence, comparisons of the change in line width are 
not possible. 

• ELHC 12 ' de Wit et al.l ([2OO50 obtained a low res- 
olution (R -450) spectrum of ELHC 12 on 1998 
January 6, shortly before the near-IR photometry 
they obtained on 1998 January 19-20. Altough they 
didn't report Ha EW or FWHM measurements for 
these data, we did estimate the ratio of the peak-to- 
continuum emission of their Ha proflle to be —3.1, 
which is similar to the value of 3.8 we derived from 
our 2005 January 21 data, especially given the dif- 
ference in the resolution of the two different data 
sets. Based on these available data, we find no 
clear evidence that the Ha spectroscopic properties 
of ELHC 12 were substantially different between 
the 1998 January epoch observation and the 2005 
January epoch observation. 
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• ELHC 13 Our 2005 Jan 21 spectrum exhibited a 
smaller Ha EW than that observed in a low reso- 
lutio n (R ^ 400) spectra obtained on 2000 March 
9 bv lde Wit et"all (pQOl . The Ha FWHM in the 
2000 data (14.4 A) appears to be below the resolv - 
ing power of the spectrograph Ide Wit et al.l (|200l) 
used; hence, comparisons of the change in line width 
are not feasible and the observed differences in the 
Ha peak-to-continuum ratio might be influenced by 
the large difference in resolution of the two datasets. 



ELHC 16 Ide Wit et"all (|2005[ ) obtained a low reso- 
lution (R ^450) spectrum on 1998 January 6 and re- 
ported weak Ha emission, which filled in the under- 
lying photospheric absorption line. By contrast, we 
observe emission in Ha which peaks 1.9x above the 
continuum, as well as weak emission in H/3 which 
partially fills in the absorption line in our 2005 Jan- 
uary 21 data. The Ha FWHM of our observation 
(3 A) is not broader than our instrumental resolu- 
tion; however, we see no strong evidence of residual 
nebular emission in our spectra following sky sub- 
traction, so we suggest we are seeing emission which 
is circumstellar in origin. 



ELHC 19 Ide Wit et all (|2005[ ) observed this star 
at low resolution (R ~450) on 1998 January 6. 
While they didn't tabulate Ha line strengths or 
widths, we did estimate the ratio of the peak-to- 
continuum emission in their Ha profile to be ^2, 
which was substantially smaller than the ratio of 6.3 
we observed in our 2005 January 21 data. Although 
the different resolution of the data likely contributes 
to some of the observed differences, these results 
suggest ELHC 19 exhibited significantly stronger 
emission in 2005 as compared to 1998. 

ELHC 20 We only detected weak evidence of emis- 
sion in the core of the Ha photospheric absorption 
line of ELHC 20 in our 2005 January 21 data, which 
qualitatively matches the fille d-in absorption line 
observed in R -450 spectra bv lde Wit et al.l (|2005^ 
on 1998 January 6. 



• ELHC 21 Ide Wit et"all ([2005') obtained a R -1000 
spectrum of ELHC 21 on 1998 January 8 (nearby 
the epoch of their near-IR photometry of the 
source) and found Ha to have a slightly larger 
FWHM than observed in our 2005 January 21 spec- 
trum, although the line's peak-to-continuum line 
ratio were similar in both epochs. The peak-to-peak 
separation in the double-peaked emission line pro- 
file we observe, —6.7 A, is larger than the resolution 
of the 1998 epoch data; hence, it is difficult to assess 
whether the morphology of this line has evolved as 
a function of time. Based on these available data, 
we find no clear evidence that the Ha spectroscopic 
properties of ELHC 21 were substantially differe- 
nent between the 1998 January epoch observation 
and the 2005 January epoch observation. 

• ESHC 1 The Ha EW, FWHM, and peak-to- 
continuum strength were all l arger in the spect rum 
of ESHC 1 obtained by iBeauUeu et al.l (|200lh on 



1998 August 18 than in our 2005 January 21 data. 
The overall emission strength of ESHC 1 therefore 
seems to have decreased from 1998 to 2005. 

• ESHC 2 We observed ESHC 2 to have a weaker 
Ha EW And FWHM than seen in archival obser- 
vation s made on 1998 August 18 bv lBeaulieu et al.l 
(|2001f) . The peak-to-continuum line strength ratio 
in each data were similar however, suggesting that 
the line profile morphology of ESHC 2 has slightly 
changed between these two epochs, with emission 
from the line wings decreasing from 1998 to 2005. 

4. DISCUSSION 

Classical Be stars can share many similar observational 
features with HAeBe star and are likely to be more preva- 
lent in the Galaxy and SMC/LMC, given the short pre- 
main sequence lifetimes of intermediate-mass stars. Thus, 
establishing that ESHC and ELHC stars are in fact pre- 
main sequence objects requires clear evidence that their 
observed behavior is inconsistent with that expected from 
classical Be stars. Figure [5] illustrates that the IR col- 
ors of known SMC/LMC classical Be stars share common 
parameter space both with many ESHC /EL HC stars and 
with some Galactic HAeBe stars. Moreover, Ide Wit et al.l 
(2005) show that this degeneracy persists after corrections 
are made to deredden the colors of Galactic HAeBe stars 
to attempt to match the lower metallicity content of the 
Magellanic Clouds. Thus the magnitude of the near-IR 
excess associated with ESHC and ELHC stars alone is in- 
sufficient to conclusively determine whether these objects 
are HAeBe stars or classical Be stars. 

Some aspects of the magnitude and time-scale of the 
photometric variability exhibited by HAeBe stars and clas- 
sical Be stars can be used to help identify the nature of 
ELHC and ESHC stars. Classical Be stars are known to 
aperiodically exhibit dramatic events whereby they com- 
pletely lose their disks or regenerate a new disk from 
a disk-l ess stage (normal B to Be to normal B tran- 
sitions: lUnder hill fc Doaza nI 119821: iMcSwain et al.l 120091: 
IWisniewski et al..,2010; ,Draper et al. 20111) . During these 
events the sta rs optical photometry has been observed to 
change —0.5 (Biorkman et al."2002') to —0.7 magnit udes 
(Hummel 1998; Gandct et al. 2002: Miroshnich enko etHI 
120031) . J,H,K-band brightness va riations of <0 5 - - 0.95 
magnitudes have bee n repor ted bv lAshok et al.l ()l984f ) and 
iDoughertv fc Tavloil (|1994l) over time-scales of hundreds 
of days to tens of years; the largest of these IR vari- 
ations l ikely correspond to l arge d isk loss/disk-renewal 
events. IDoughertv fc Tavloil (|1994|) suggest that a —0.5 
magnitude variation corresponds to a change in the den- 
sity of an optically thin disk of a factor of —2-3. Large- 
magnitude, long-term changes in the strength of Ha emis- 
sion and intrinsic polarization are also observed dur- 
ing disk- loss/disk-r enewal events (|Wisniewski et ah! 120101 : 
iDraper et al.|[20TTl ). Some HAeBe stars are also known 
to exhibit large (—1 magnitude) IR photometric variabil- 
ity, which sometimes correlates with optical photomet- 
ric variations and other ti mes is uncorrelated , on time- 
scales as short as 1-2 days (|Eiroa et al.ll2002l ). The ori- 
gin of the photometric variation in these UX Ori objects 
has been suggested to be variable obscuration by dust 
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clumps ()Grinin et al.lll99ll: liters fc Waelkenslll998[ ). al- 
though alternate mechanis ms such as variable accretio n 
have also been suggested ()Herbst fc Shevchenkol Il999t ). 
UX Ori events also produce significant enhancements in 
the ob served linear polar ization, albeit over short time- 
scales (jGrinin et al.lll99lt) . 

Given our new high precision near-IR photometry of 27 
of 28 ESHCs and ELHCs and new moderate resolution 
Ha and H/3 spectroscopic observations of 21 of 28 of these 
sources, we now discuss how our new data add additional 
constraints on the evolutionary status of ESHC and ELHC 
stars. 

4.1. Source Confusion 

ELHC 6 (this w ork) and ELHC 18 (this work and 
Ide Wit et al.]l2005D have now each been confirmed to be 
comprised of two sources; hence, we suggest that previous 
efforts to identify and characterize the optical/IR variabil- 
ity and IR excess of these sources should be treated with 
some caution. We found ELHC 4 and ELHC 11 had sec- 
ondary sources located 1'.'2-1'.'5 from each star; hence, pre- 
vious photometric observations which had poorer spatial 
resolution (or seeing) than these values may suffer from 
contamination. We find no support for possible source 
confusion for either ELHC 5 or ELHC 8, which contrasts 
with the suggestions of previou s works (|de Wit et al.ll2005t 
IWisniewski fc Biorkmanll2006l) . and therefore we suggest 
they continue to be classified as candidate HAeBe targets. 

4.2. The Nature of ELHC 7, ELHC 12, and ELHC 21 

We detected evidence of photometric variability at the 
3-0- level in one IR filter for ELHC 3 (Ks-band) and ELHC 
5 (J-band, though H and Ks filters also exhibit variabil- 
ity at the 2-a level). ELHC 21, ELHC 7, and ELHC 12 
exhibited variability in all 3 filters. The large (~1 magni- 
tude) IR photometric brightening observed in both ELHC 
7 and ELHC 12 is at the extreme end of IR photometric 
variability observed in classical Be stars. ELHC 7 exhib- 
ited a very large Ha emission line in both 1994 and 2005; 
hence, it is plausible that the system also exhibited signif- 
icant Ha emission at the earlier epoch of IR photometric 
observations (January 1998). Moreover, EL HC 7 has pre- 
vious ly been classified as a UX Ori variable (|de Wit et al.l 
|2005[ ). Hence, the IR variability we observe is completely 
consistent with the classification of this star as a HAeBe 
star. ELHC 12 also exhibited a Ha emission line with a 
very similar peak-to-continuum ratio near the epoch of its 
1998 IR photometric observation (^^3.1) as near the epoch 
of its 2005 IR photometric observation (3.8). Although 
we do not have information about the strength of the EW 
and FWHM of Ha for the archival 1998 data, we suggest 
that there is no clear evidence to indicate that the Ha 
emission line was substantially different between the two 
epochs of observations. We are not aware of any classi- 
cal Be star model which would predict the magnitude of 
near-IR flux increase we see for ELHC 12, and correspond- 
ing lack of strong enhancement in the Ha profile, owing 
to a disk building event. We therefore suggest that the 
IR photometric variability we observe for ELHC 12 might 
indicate that the system is a UX Ori-type HAeBe star. 

The IR brightening we observe for ELHC 21, ~0.5 mag- 
nitudes, is within the range of typical variability observed 



at near-IR wavelengths for both HAeBe stars and classical 
Be stars. If ELHC 21 is a classical Be star, this level of 
variability could indicate a factor of ~2-3 ch ange in the 
density of the disk ( Dou ghertv fc Tavlorlll994[ ). Compari- 
son of the ratio of the peak-to-continuum line strength of 
the Ha spectra obtained near the time of the 1998 epoch 
and 2005 epoch IR photometry reveals little evidence of 
substantial changes. The region of a Be star's disk respon- 
sible for producing Ha emission is known to be predom- 
inantly located at larger radii than that which produce s 
near-IR emission (IWisniewski et al.ll2007bHCarciofill20lih . 
Thus the '^0.5 magnitude IR brightening we observe in our 
2005 data could indicate that a significant, recent (inner) 
disk building event occurred, which had not yet manifested 
itself in diagnostics more sensitive to the outer disk region 
(Ha spectroscopy) . Alternatively, we can not rule out that 
the moderate-scale variability we have observed could also 
arise from circumstellar dust clo uds which attenuate light 
from the central source (see e.g. Ide Wit et al.ll2005l ). and 
therefore indicate the system is a HAeBe star. Higher 
cadence, contemporaneous optical and IR observations of 
ELHC 21 should be pursued to differentiate between these 
two scenarios. 

4.3. IR Color Variability 

In contrast to the observed optical variability of ELHC 
stars, which exhibits either bluer when fainter (negative 
color gradient) or redder when fainter (positive color gra- 
dient) colors, most of the IR variability we observe is grey. 
The color effects of nebular scattering, dust reddening, 
and variable bf-ff emission should all be small at near- 
IR wavelengths, so it is perhaps not unexpected that the 
variability we observe is grey. We note that the sources 
which exhibit the greatest IR variability (ELHC 7, 12, and 
21) were found to either have positive optical color gradi- 
ents (redder when f ainter) or grey optical color gradients 
(|de Wit et al.|[2005[) . Variable dust cloud obscuration has 
been suggest ed as the most likely explanation for this opti- 
cal behavior (|de Wit et al.ll2005l ). which is consistent with 
our previous interpretation for the origin of the IR vari- 
ability we observe in these sources. Two ELHC stars which 
exhibit bluer when fainter optical colors were also identi- 
fied to be variable in one IR filter in our data (ELHC 3 
and ELHC 5); however, the single bandpass IR variability 
detection precludes us from drawing strong conclusions on 
the color variability of these systems. 

4.4. Optical Spectroscopic Variability 

The new Ha spectroscopy presented in this paper en- 
ables us to investigate the spectroscopic variability of nu- 
merous ESHC and ELHC stars which have earlier epoch 
spectroscopic data in the literature. By analyzing the dif- 
ferences in the EW, FWHM, and peak-to-continuum ra- 
tio, we've been able to identify evidence of strengthening 
line core and/or wing emission in ELHC 3, ELHC 16, and 
ELHC 19 and decreasing line core and/or wing emission 
in ELHC 5, ELHC 13, ESHC 1, and ESHC 2. We detect 
modest or minimal changes in the Ha emission strength in 
ELHC 7, ELHC 8, ELHC 20, and ELHC 21. As the pop- 
ulation of ESHC and ELHC stars were initially identified 
on the basis of their observed optical photometric variabil- 
ity, it is not unexpected that we have detected a variety of 
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changes in the appearance of each star's Ha line emission. 
The e mission strengt h and hne profi l es of both HAeBe 
stars (|Pogodinl 11994 iReipurth etH! '1996; 'Vicira et aL| 
19991) and classical Be stars (iPorter fc Rivinius 200'3t 
Stefi et alJ[2009tlWisniewski et al.ll20l'oi) are known to ex- 
hibit variability owing to changes in their circumstellar 
environments; hence, the presence of this variability alone 
is not a good discriminant between the two types of stars. 

4.5. New IR Photometry and Optical Spectroscopy 

We have reported near-IR photometry for ESHC 2 and 
ESHC 3 (Table i]). Both the (J-H ] and (H-Ks) colors 
are close to zero or marginally blue. Ide Wit et al.l (|2003( ) 
adopted an optically thin dust scaling algorithm to esti- 
mate how the colors of Galactic HAe and HBe stars would 
be altered if these sources were in the dust poor SMC, and 
in Figure 17 of their paper they show a clear degeneracy 
between the IR colors of classical Be stars and HAe and 
HBe stars. This degeneracy incorporates the range of (J- 
H) and (H-Ks) colors we report for ESHC 2 and ESHC 3 
(see Figure[2]); hence, the colors of our new observations do 
not permit us to differentiate the nature of these objects. 
Moreover, as no pre-existing IR photometry is available, 
we can not measure the variability (or lack thereof) of 
these sources for use as a discriminant. 

We have also reported Ha spectroscopy for ELHC 1 and 
ESHC 3, 4, 5, 6, and 7 and tabulated Ha line strengths 
and properties for ELHC 11, 12, 16, 19, 20, and 21. All 
sources exhibited Ha in emission, although line strengths 
varied greatly from sources which exhibited small hints of 
emission in the core of their underlying photospheric ab- 
sorption lines (ELHC 20) to strong emission with EWs 
between -33 - -34 (ELHC 1, ESHC 6). The moderate res- 
olution (R ^2200) of our data enabled us to identify evi- 
dence of double-peaked line profiles in ELHC 21, ESHC 4, 
and ESHC 5. These new data do not provide definitive dif- 
ferentiation of the classification of ESHC and ELHC stars 
as HAeBe versus classical Be stars. However, as seen in 
Section 14. 2[ having quality near-contemporaneous optical 
spectroscopic and IR photometric observations in the liter- 
ature can provide invaluable insight into the time evolution 
and hence origin of these objects. 

5. SUMMARY 

We obtained IR photometric observations of 27 of the 
28 ESHC and ELHC stars identified to date, and near- 
contemporaneous optical spectroscopic observations of 21 
of these 28 sources and found: 

• Earlier epoch observations of ELHC 4, 6, 11, and 
18, obtained with facilities with lower angular reso- 



lution than our study, likely suffer from source con- 
fusion. For these stars, the photometric variability 
and colors, hence classification as candidate HAeBe 
stars, are therefore suspect. 

• ELHC 5, 7, 12, and 21 exhibit statistically signif- 
icant photometric variability in 1 or more near-IR 
filters. These photometric variations exhibit a grey 
color difference as compared to earlier epoch obser- 
vations. 

• ELHC 7 and ELHC 12 exhibit ~1 magnitude IR 
brightness enhancements in our data, but their Ha 
emission-line strengths do not seem to have appre- 
ciably changed. We suggest these observational 
phenomenon could be produced by dust clouds 
which variably attenuate the observed brightness 
of these systems. ELHC 7 has previously been sug- 
gested to be a UX Ori-type variable, which our ob- 
servations support. Our suggestion that ELHC 12 
might similarly be a UX Ori-type variable has not 
been previously reported in the literature. 

• ELHC 21 exhibits a ^0.5 magnitude IR brightness 
enhancement in our data, with little corresponding 
change in its Ha emission strength. If ELHC 21 is a 
Be star, these observations could indicate that the 
system experienced a major injection of new mate- 
rial into its inner disk region. We note however that 
we can not strictly rule out that the observed be- 
havior was caused by variable obscuration by dust 
clouds surrounding a HAeBe star. 

• We present the first near-IR photometry for ESHC 
2 and 3 and first Ha spectroscopy for ELHC 1 and 
ESHC 3, 4, 5, 6, and 7. Ahhough we detect Ha to 
be in emission in each of these sources, the available 
data do not allow us to place strict constraints on 
whether the sources are HAeBe stars or classical Be 
stars. 
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Table 1 

Coordinates of candidates 



star 






RA 




Dec 


EHOS name 


ELHC 


1 


05 18 14.7 


-69 


30 16.3 


01-1603 


ELHC 


2 


05 


18 


32.9 


-69 


39 


43.8 


02-111 


ELHC 


3 


05 


16 


29.6 


-69 


17 


17.4 


08-830 


ELHC 


4 


05 


17 


17.6 


-69 


21 


35.8 


08-1335 


ELHC 


5 


05 


18 


20.7 


-69 


32 


40.7 


01-1414 


ELHC 


6 


05 


18 


18.7 


-69 


35 


30.0 


01-1457 


ELHC 


7 


05 


16 


39.2 


-69 


20 


47.5 


08-1005 


ELHC 


8 


05 


17 


17.1 


-69 


33 


35.0 


01-837 


ELHC 


9 


05 


17 


07.0 


-69 


33 


22.8 


01-749 


ELHC 


10 


05 


19 


47.8 


-69 


39 


11.6 


02-765 


ELHC 


11 


05 


18 


35.4 


-69 


36 


02.8 


02-915 


ELHC 


12 


05 


18 


50.4 


-69 


35 


24.8 


02-999 


ELHC 


13 


05 


18 


54.7 


-69 


36 


35.3 


02-1047 


ELHC 


14 


05 


19 


54.3 


-69 


42 


07.4 


03-14 


ELHC 


15 


05 


27 


22.9 


-69 


52 


15.3 


07-1108 


ELHC 


16 


05 


20 


27.5 


-69 


35 


39.5 


03-689 


ELHC 


17 


05 


27 


24.8 


-69 


51 


50.2 


07-1120 


ELHC 


18 


05 


27 


22.7 


-69 


52 


02.0 


07-1098 


ELHC 


19 


05 


17 


11.0 


-69 


25 


52.3 


08-649 


ELHC 


20 


05 


16 


22.5 


-69 


20 


18.1 


08-842 


ELHC 


21 


05 


19 


44.2 


-69 


26 


13.9 


10-430 


ESHC 


1 


00 


53 


02.8 


-73 


17 


58.8 


sm00103k-4755 


ESHC 


2 


00 


52 


32.8 


-73 


17 


07.3 


sm00103k-2210 


ESHC 


3 


00 


52 


21.6 


-73 


13 


32.4 


smOOlOll-15299 


ESHC 


4 


00 


53 


56.8 


-73 


10 


30.0 


smOOlOln-14763 


ESHC 


5 


00 


52 


06.4 


-73 


06 


29.1 


smOOlOll-3359 


ESHC 


6 


00 


54 


37.5 


-73 


04 


56.4 


smOOlOln-2402 


ESHC 


7 


00 


52 


52.6 


-73 


18 


33.3 


sm00103k-6329 



Note. — The name of eetch of the ESHC/ELHC targets we observed, along with updated coordinates ax;curate to 0.1 seconds in RA and 0'.'4 
in Dec are compiled. 
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Table 2 
Summary of Observing Fields 

Field Name Candidates in Field Zero Point j Zero Point/f Zero Pointits 



LMC 1 


ELMO 15, 17, 18 


21.52 ± 0.04 


22.23 ± 0.03 


21 


.85 


± 0.04 


LMC 2 


ELHC 1, 5, 6, 11, 12, 13 


21.87 ± 0.03 


22.35 ± 0.03 


21 


.79 


± 0.03 


LMC 3 


ELHC 8, 9, 19 


21.75 ± 0.03 


22.15 ± 0.03 


21 


.44 


± 0.04 


LMC 4 


ELHC 3, 4, 7, 20 


21.85 ± 0.04 


22.14 ± 0.04 


21 


.69 


± 0.04 


LMC 5 


ELHC 10, 14, 16 


21.87 ± 0.04 


22.30 ± 0.04 


21 


.82 


± 0.06 


LMC 6 


ELHC 21 


21.63 ± 0.03 


22.04 ± 0.04 


21 


.65 


± 0.04 


LMC 7 


ELHC 2 


21.64 ± 0.04 


21.75 ± 0.04 


21 


.47 


± 0.04 


SMC 1 


ESHC 1, 2, 3, 7 


21.87 ± 0.03 


22.40 ± 0.02 


21 


.95 


± 0.02 


SMC 2 


ESHC 5 


21.96 ± 0.03 


22.40 ± 0.02 


21 


.94 


± 0.03 


SMC 3 


ESHC 6 


21.96 ± 0.03 


22.42 ± 0.03 


21 


.94 


± 0.03 


HST9106 




21.79 ± 0.02 


22.27 ± 0.02 


21 


.85 


± 0.01 


HST9115 




21.90 ± 0.01 


22.26 ± 0.08 


21 


.99 


± 0.03 


HST9119 




21.84 ± 0.02 


22.31 ± 0.04 


21 


.86 


± 0.03 


HST9121 




21.73 ± 0.05 


22.04 ± 0.05 


21 


.66 


± 0.07 



Note. — Basic parameters for each of our fields of view, such as the names of the ESHC/ELHC candidates contained within and derived 
photometric zeropoints, are provided. 
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Table 3 

Summary of Standard Star Observations 



Name 


Filter 




sst 


udv 




TX12MA 


ss 






HST9106 


J 


12 


.204 


± 





.018 


12, 


,129 


± 


0, 


oil 


0.075 


± 


0.029 




H 


11 


.870 


± 





.020 


11, 


,852 


± 


0, 


,036 


0.022 


± 


0.056 




Ks 


11 


.774 


± 





.010 


11 


,758 


± 


0, 


,025 


0.016 


± 


0.035 


HST9115 


J 


12 


.028 


± 


0, 


.010 


12. 


,017 


± 


0, 


,007 


0.011 


± 


0.017 




H 


11, 


.755 


± 


0, 


.084 


11. 


.856 


± 


0, 


.038 


-0.101 


± 


0.122 




Ks 


11 


.834 


± 





.030 


11, 


.803 


± 


0, 


.023 


0.031 


± 


0.053 


HST9119 


J 


12 


.089 


± 





.018 


12, 


,066 


± 


0, 


,018 


0.023 


± 


0.036 




H 


11 


.798 


± 





.037 


11, 


,794 


± 


0, 


,039 


0.004 


± 


0.076 




Ks 


11 


.732 


± 





.029 


11, 


,775 


± 


0, 


,021 


-0.043 


± 


0.050 


HST9121 


J 


11, 


.680 


± 





.050 


11, 


,685 


± 


0, 


,026 


0.005 


± 


0.076 




H 


11, 


.373 


± 


0, 


.056 


11, 


,413 


± 


0, 


,019 


-0.040 


± 


0.075 




Ks 


11 


.363 


± 


0, 


.071 


11. 


.366 


± 


0, 


.012 


-0.003 


± 


0.083 



Note. — The absolute photometry values that we derived for our standard stars are listed, along with the difference between these values 
and archival 2MASS values. 
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Table 4 

Photometry and Colors of ESHCs and ELHCs 



N amc 








J 










H 








Ks 






(J-H) 


(H-Ks) 


ELHC 


1 


15, 


.25 


± 


0, 


.03 


15, 


.05 


± 


0, 


.03 


15, 


.23 


± 


0, 


.03 


0.20 ± 0.06 


-0.18 ± 0.06 


ELHC 


2 


15, 


.50 


± 


0, 


.04 


15, 


.74 


± 


0, 


.04 


16, 


.01 


± 


0, 


.04 


-0.24 ± 0.07 


-0.27 ± 0.08 


ELHC 


3 


16, 


.45 


± 


0, 


.04 


16, 


.14 


± 


0, 


.04 


16, 


.44 


± 


0, 


.04 


0.31 ± 0.08 


-0.3 ± 0.08 


ELHC 


4 


15, 


.06 


± 


0, 


.04 


14, 


.82 


± 


0, 


.04 


14, 


.80 


± 


0, 


.04 


0.24 ± 0.08 


0.02 ± 0.08 


ELHC 


5 


16, 


.13 


± 


0. 


,03 


15, 


.98 


± 


0, 


.03 


16. 


,20 


± 


0, 


.03 


0.15 ± 0.06 


-0.22 ± 0.06 


ELHC 


6 




































ELHC 


7 


16, 


.79 


± 


0, 


.04 


15, 


.96 


± 


0, 


.04 


15, 


.32 


± 


0, 


.04 


0.83 ± 0.08 


0.64 ± 0.08 


ELHC 


8 


15, 


.35 


± 


0. 


.03 


15, 


.39 


± 


0, 


.03 


15, 


.07 


± 


0, 


.04 


-0.04 ± 0.06 


0.32 ± 0.07 


ELHC 


9 


16, 


.10 


± 


0. 


.03 


15, 


.36 


± 


0, 


.03 


15, 


.12 


± 


0, 


.04 


0.74 ± 0.06 


0.24 ± 0.07 


ELHC 


10 


13, 


.19 


± 


0. 


,04 


12, 


.93 


± 


0. 


,04 


12. 


,92 


± 


0, 


.06 


0.26 ± 0.08 


0.01 ± 0.10 


ELHC 


11 


15, 


.08 


± 


0. 


,03 


14, 


.68 


± 


0. 


,03 


14. 


,85 


± 


0, 


.03 


0.40 ± 0.06 


-0.18 ± 0.06 


ELHC 


12 


15, 


.46 


± 


0. 


,03 


15, 


.24 


± 


0. 


,03 


15. 


,25 


± 


0, 


.03 


0.22 ± 0.06 


-0.01 ± 0.06 


ELHC 


13 


15, 


.34 


± 


0, 


.03 


15, 


.13 


± 


0, 


.03 


15, 


.16 


± 


0, 


.03 


0.21 ± 0.03 


-0.03 ± 0.03 


ELHC 


14 


15, 


.68 


± 


0, 


.04 


15, 


.48 


± 


0, 


.04 


15, 


.40 


± 


0, 


.06 


0.20 ± 0.08 


0.08 ± 0.10 


ELHC 


15 


14, 


.62 


± 


0, 


.04 


15, 


.05 


± 


0, 


.03 


14, 


.60 


± 


0, 


.04 


-0.43 ± 0.07 


0.45 ± 0.07 


ELHC 


16 


15, 


.93 


± 


0, 


.04 


15, 


.76 


± 


0, 


.04 


15, 


.65 


± 


0, 


.06 


0.17 ± 0.08 


0.11 ± 0.10 


ELHC 


17 


14, 


.11 


± 


0. 


,04 


14, 


.14 


± 


0, 


.03 


14. 


,16 


± 


0, 


.04 


-0.03 ± 0.07 


-0.02 ± 0.07 


ELHC 


18 


15, 


.40 


± 


0. 


.04 


15, 


.14 


± 


0. 


,03 


15. 


,29 


± 


0, 


.04 


0.26 ± 0.07 


-0.15 ± 0.07 


ELHC 


19 


16, 


.29 


± 


0, 


.03 


16, 


.31 


± 


0, 


.03 












-0.02 ± 0.06 




ELHC 


20 


16, 


.11 


± 


0. 


.04 


15, 


.94 


± 


0, 


.04 


16. 


,25 


± 


0, 


.04 


0.17 ± 0.08 


-0.31 ± 0.08 


ELHC 


21 


15, 


.10 


± 


0, 


.03 


14, 


.98 


± 


0, 


.04 


14, 


.85 


± 


0, 


.04 


0.12 ± 0.07 


0.13 ± 0.08 


ESHC 


1 


15, 


.28 


± 


0. 


,03 


15, 


.40 


± 


0, 


.02 


15, 


.44 


± 


0, 


.02 


-0.12 ± 0.05 


-0.05 ± 0.04 


ESHC 


2 


17, 


.29 


± 


0. 


,03 


17, 


.57 


± 


0, 


.02 


17. 


,46 


± 


0, 


.02 


-0.28 ± 0.05 


0.11 ± 0.04 


ESHC 


3 


16, 


.48 


± 


0. 


,03 


16, 


.54 


± 


0, 


.02 


16. 


,50 


± 


0, 


.02 


-0.06 ± 0.05 


0.04 ± 0.04 


ESHC 


5 


13, 


.66 


± 


0. 


.03 


13, 


.45 


± 


0, 


.02 


13. 


.38 


± 


0, 


.03 


0.21 ± 0.05 


0.07 ± 0.05 


ESHC 


6 


14, 


.86 


± 


0. 


.03 


14, 


.78 


± 


0. 


.03 


14. 


.87 


± 


0, 


.03 


0.08 ± 0.06 


-0.09 ± 0.07 


ESHC 


7 


14, 


.29 


± 


0. 


,03 


14, 


.18 


± 


0, 


.02 


13, 


.92 


± 


0, 


.02 


0.11 ± 0.05 


0.25 ± 0.04 



Note. — The absolute photometry values for all of th e known ESHCs and ELHCs is given, along with their (J-H) and (H-Ks) colors. We 
dete cted 2 sources at the coordinates of ELHC 6 given by Ide Wit et alJ ll2002f ) , and discuss the photometry of this composite source in Section 
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Table 5 

Photometry Variability of ELHCs 



N amc 




AJ 




AH 


AK; 


s 


ELHC 


1 


0.14 




0.13 


0.08 


± 


0.18 


0.35 ± 


0.18 


ELHC 


2 


-0.36 


± 


0.14 


-0.09 


± 


0.19 






ELHC 


3 


0.26 


± 


0.14 


0.11 


± 


0.14 


0.64 ± 


0.19 


ELHC 


4 


-0.29 


± 


0.54 


-0.14 


± 


0.09 


-0.27 ± 


0.14 


ELHC 


5 


-0.44 


± 


0.13 


-0.48 


± 


0.18 


-0.29 ± 


0.18 


ELHC 


7 


-0.81 


± 


0.19 


-1.03 


± 


0.19 


-0.64 ± 


0.09 


ELHC 


8 


-0.19 


± 


0.08 


-0.07 


± 


0.08 


-0.33 ± 


0.09 


ELHC 


10 


-0.23 


± 


0.09 


-0.34 


± 


0.09 


-0.22 ± 


0.11 


ELHC 


12 


-0.97 


± 


0.13 


-1.12 


± 


0.18 


-1.10 ± 


0.23 


ELHC 


14 


0.13 


± 


0.09 


-0.03 


± 


0.14 


-0.16 ± 


0.16 


ELHC 


17 


-0.16 


± 


0.09 


-0.03 


± 


0.13 


0.13 ± 


0.14 


ELHC 


18 


-0.80 


± 


0.19 


-1.04 


± 


0.18 


-0.99 ± 


0.24 


ELHC 


19 


-0.06 


± 


0.18 


0.08 


± 


0.23 






ELHC 


20 


0.13 


± 


0.19 


0.03 


± 


0.24 






ELHC 


21 


-0.52 


± 


0.13 


-0.51 


± 


0.14 


-0.54 ± 


0.14 



Note. — The difference between our near-IR absolute photometry and that compiled by Ide Wit et al.l l|2005f ). with negative numbers 
indicating the source was brighter at the epoch of our observations versus the literature. 



14 



Table 6 

Spectroscopy of ESHCs and ELHCs 



Name 




Date 


1 ^ I A M 1 \ A 

b WHMff Q 
A 


EWjJq 

A 


Ha Profile 
strength, profile 


H^ Profile 
profile 


SNR 


ELHC 


1 


2005 Jan 21 


6.4 


-34.3 


5.7, eac^ 


eac 


25 


ELHC 


3 


1994 Aug'^ 


9.2 


-15 


^2'^ , cac 


filled abs line 


50 


ELHC 


3 


2005 Jan 21 


4.7 


-8.3 


2.75, cac 


weak eac 


26 


ELHC 


4 


1994 Aug" 


5.3 


-16 


~2.2^, filled abs line 


filled abs line 


50 


ELHC 


4 


2005 Jan 21 


4.0" 


-14.9" 


4.4, cac" 


4 

cac 


34 


ELHC 


5 


1994 Aug'^ 


8.1 


-11 


~1.8^, cac 


filled abs line 


75 


ELHC 


5 


2005 Jan 21 


5.3 


-5.4 


1.9, cac 


weak cbc^ 


27 


ELHC 


6 


1994 Aug'' 


14.7 


-20 


~2^, cac, filled abs line 


75 




ELHC 


6 


2005 Jan 21 


10.7'' 


-25.6" 


3.3, cac" 


4 

cac 


31 


ELHC 


7 


1994 Aug" 


9.8 


-130 


~7.5, cac 


eac 


15 


ELHC 


7 


2005 Jan 21 


9.2 


-106 


10.8, dpc^ 


eac 


13 


ELHC 


8 


2000 Jan 8'' 




-34 


eac 




80 


ELHC 


8 


2005 Jan 21 


6.4 


-35.3 


6.1, eac 


eac 


42 


ELHC 


11 


2005 Jan 21 


8.3'' 


-17.5* 


3.0, eac" 


4 

eac 


47 


ELHC 


12 


2000 Jan 6'' 






~3.1^, eac 


eac 


30 


ELHC 


12 


2005 Jan 21 


11.5 


-34 


3.8, cac 


eac 


36 


ELHC 


13 


2000 Mar 9'' 




-35.4 


~3.1^, cac 


eac 


70 


ELHC 


13 


2005 Jan 21 


6.6 


-20.2 


3.8, cac 


eac 


43 


ELHC 


16 


1998 Jan 6'' 






■ ■ ■ , cac 




70 


ELHC 


16 


2005 Jan 21 


3.0 


-1.9 


1.9, cac 


weak ebc 


35 


ELHC 


19 


1998 Jan 6'' 






■ ■ ■ , cac 




40 


ELHC 


19 


2005 Jan 21 


4.8 


-29 


6.3, cac 


cac 


34 


ELHC 


20 


1998 Jan 6'' 






■ ■ ■ , filled abs line 




60 


ELHC 


20 


2005 Jan 21 




4.5 


weak ebc 


abs 


17 


ELHC 


21 


1998 Jan 8'' 


14.5 


13.0 


~1.4^, cac 


filled abs 


45 


ELHC 


21 


2005 Jan 21 


13.0 


-8.7 


1.8, dpe^ 


weak dpe 


29 


ESHC 


1 


1998 Aug 18** 


7.5 


-6.2 


~1.6^, eac 


eac 


100 


ESHC 


1 


2005 Jan 21 


3.5 


0.6 


1.3, weak eac 


abs 


13 


ESHC 


2 


1998 Aug 18** 


10.1 


-18.5 


~2.6^, eac 




20 


ESHC 


2 


2005 Jan 21 


6.7 


-11.8 


2.8, eac 


weak eac 


16 


ESHC 


3 


2005 Jan 21 


4.0 


-6.8 


2.4, cac 


filled abs line 


24 


ESHC 


4 


2005 Jan 21 


7.8 


-3.9 


1.5, dpc 


weak ebc 


44 


ESHC 


5 


2005 Jan 21 


8.4 


-9.8 


2.1, dpe 


abs 


74 


ESHC 


6 


2005 Jan 21 


9.1 


-33.2 


4.2, eac 


eac 


47 


ESHC 


7 


2005 Jan 21 


5.6 


-26.7 


5.6, eac 


eac 


11 



Note. — The basic properties of our spectroscopic data are summarized. Column 5 includes a measure of the ratio of the peak-to-continuum 
level of the Ha emission line along with a description of the line profile. Column 6 provides a description of the H/3 line profile. ^ indicates 
emission above the continuum, indicates emission which partially fills in an underlying photospheric absorption line which doesn't emerge 
above the continuum, ^ indicates double-peaked emission, * indicates sources which suffer from s ource confusion, as d iscu ssed in Sectionl3.1l ^ 
i ndicates that we estim ated the peak-to-continuum ratio from Figures published in literature. ^ ILamers et al.l II1999I ) , ^ Ide Wit et al.l I I2005I') , 
^ IBeauIieu et al.l ||2001I 1 



Fig. 1. — The finder chart for ELHC 1 from our J-band ISPI data (left panel), J-band 2MASS data (middle panel), and optical He band 
imagery (right panel) from the EROS survey is shown. The EROS survey finder chart is reproduced with permission from de Wit et al (2002), 
A&A, 395, 829 (copyright ESO). The field of view in each panel is 1 5 x 1 5. Finder charts for other targets are available in the online version 
of this manuscript. 
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Fig. 2. — Our new IR photometric observations of ESHC and ELHC stars are plotted on an IR 2-color diagram (filled circl es for ESHC stars, 
filled sq uares for ELHC stars). We also plot the 2MASS IR colors of confi rmed class ical Be stars in the SMC and LMC by I Wisniewski et al.l 
Il2007al) as open circles, and the colors of Galactic HAeBe stars by Hillenbrand et al.l ||T992 ) as open squares. The arrows (red for LMC, green 
for SMC) denote the effects of dust extinction for A^^ = 2.5™. 
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Fig. 3. — The continuum normalized Ha line profile for each of the 21 ELHC and ESHC stars we observed with Hydra at the CTIO 4m are 
presented. Each spectrum has been shifted vertically to enable details of the line profile to be seen. Note that we have not doppler corrected 
the spectra to a<;count for the different average velocities of the SMC versus LMC. Strong emission is seen in all sources except for ELHC 20, 
which exhibits very weals emission at the center of its underlying photospheric absorption line, and ESHC 1, whose emission simply fills in 
its photospheric absorption line. 



